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A sharp increase in 2005 of pp'DDT and its metabolites was observed in mussels and fish from lakes Como
and Iseo, the main glacier-fed southern Alpine lakes. DDTs in zebra mussels (Dreissena polymorpha) were
more than 150 times higher than levels in 2003, and concentrations in pelagic fish (0.12 mg kg~' w.w.)
exceeded the Italian safety threshold for human consumption (0.05 mg kg~' w.w.). The histological
examination of the ovaries revealed many mussels with oocyte degeneration throughout the studied per-
iod. Prior to being banned in Italy in 1978, DDT was used in large amounts for fruit-tree treatment from
the 1950s to 1970s in valleys just below the glaciers. Since glacier volume was increasing at that time and
then continuously retreated, meltwater should be the main cause of the pollution peak recently observed
in biota of downstream lakes. PCBs did not peak in biota tissues to a comparable extent probably because
local sources were not as important as for DDTs.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Persistent Organic Pollutants (POPs) have reached northern lat-
itudes and high-altitude environments from volatilization in warm
source areas and condensation-redeposition in cold sites, and the
consequence of this long-range transport, known as “cold conden-
sation”, is the ubiquitous presence of micropollutants, including
remote cold areas where no direct anthropic impact exists (Wania
and Mackay, 1993; Galassi et al., 1997). Unlike latitudinal atmo-
spheric long-range transport, altitudinal transport to high moun-
tains can occur over relatively short distances from potential
source regions, as is the case for the European Alps, which circum-
scribe densely populated regions. POPs can be transported to gla-
ciers by snow, a well-known carrier of pollutants (Lei and Wania,
2004), from agricultural and industrialized areas of northern Italy
and are eventually stored in the ice. During the snowmelt, contam-
inants can reach surface waters and may be rapidly assimilated in
biological tissues, thus being bioaccumulated and/or biomagnified
in food chains (Campbell et al., 2000; Kallenborn, 2006). Annual cy-
cles for POPs are expected since the prevailing processes of depo-
sition in winter and volatilization in summer occur at the
watershed scale (Galassi et al., 2006). However, glaciers cannot
be considered long-term stable systems because they are subject
to volume fluctuations determined by temperature trends.
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According to a recent report of the intergovernmental panel on
climate change (IPCC, 2007), there is a worldwide decline in glacier
mass due to global warming. Many mountain areas have lost sig-
nificant portions of their glaciers during the last two decades.
Mid-latitude mountain ranges such as the Himalayas, Rocky
Mountains, Cascade Range and Southern Andes, as well as isolated
tropical summits such as Mount Kilimanjaro in Africa, have shown
some of the largest proportionate glacial losses (IPCC, 2007).

After the advance episode between 1965 and 1985, the Italian
Alpine glaciers have been showing a worrying retreat since 1980
(Rovelli, 2008). It was estimated that the Adamello Glacier, the
largest Italian glacier with an area of 18 Km?, had a terminus re-
treat of about 2000 m since the beginning of the nineteenth cen-
tury and an increased altitude of the same terminus from
1780 m to the actual 2580 m a.s.l. (Ranzi and Taschner, 2005).
Although Alpine glaciers represent only a small percentage of the
world’s total ice mass, they can be considered representative of a
more generalized situation occurring in the cold areas of the planet
due to climate changes. Moreover, the quick recycling of meltwater
should produce serious effects due to micropollutant release, as re-
ported for some freshwater ecosystems (Blais et al., 1998; Blais
et al., 2001; Meyer and Wania, 2008). Chlorinated pesticides which
entered the environment in huge amounts due to agricultural use
between 1965 and the mid-1980s in northern Italy (Galassi and
Provini, 1981), might have been stored in glaciers during their vol-
umetric growth (Rovelli, 2008) and then released into glacier-fed
lakes during the recent retreat.
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Considering that the maximum volume reduction of the glaciers
was observed in the summer of 2003, when the highest tempera-
tures were recorded in Central Europe (Jankowski et al., 2006),
huge amounts of contaminants were expected to enter these envi-
ronments with the summer snowmelt.

Moreover, a complete water overturn was observed in 2005-
2006 in the Italian oligomictic southern Alpine lakes. This is a rare
event, made easier by the increase of the hypolimnium tempera-
ture in recent years in these deep lakes (CIPAIS, 2006) as a conse-
quence of climate warming. POPs stored in the hypolimnium might
have been released and subsequently bioaccumulated in biota liv-
ing in the surface waters.

The zebra mussel, Dreissena polymorpha, a filter-feeding littoral
mussel used in previous studies to biomonitor POP contamination
of Italian lakes (Binelli and Provini, 2003; Mantecca et al., 2008;
Riva et al., 2008), and the pelagic landlocked shad, Alosa fallax
lacustris, were collected from Como and Iseo lakes in 2005, 2006
and 2007 to determine whether climate warming had influenced
contamination levels in the biota. The results of the present work
were compared to those of previous studies carried out on the
same two lakes (Riva et al., 2008), and to data obtained from Lake
Maggiore (CIPAIS, 2007), another southern Alpine lake where DDTs
have been monitored using zebra mussels since 1996. Histopathol-
ogical analyses were also performed on the reproductive organs of
the zebra mussels, previously reported as representing the main
targets of many POPs (Mantecca et al., 2003).

2. Materials and methods
2.1. Study area

Lake Como (V=22.5 km?, maximum depth =425 m) and Lake
Iseo (V = 7.6 km? maximum depth = 251 m) (Fig. 1) are two sub-al-
pine oligomictic lakes lying in mountainous areas glaciated during
the Pleistocene. Lake Como has three branches of approximately
equal length; one stretches northward, another south-westward
to the city of Como, and the third south-eastward beyond Lecco,
with Bellagio promontory marking the bifurcation between the lat-
ter two branches. The lake is mainly fed by the Bernina, Ortles-

Cevedale and Disgrazia glaciers through the Adda River, which en-
ters the northern part and issues into the Lecco branch, and also by
the waters of numerous other rivers and mountain streams, includ-
ing the River Mera. Lake Iseo has a more consistent shape and is
mainly fed by the Oglio River, which flows down from the Val
Camonica valley after receiving a great amount of water from the
upstream Adamello glacier.

Both lakes experienced intense eutrophication during the
1960s, which has only been partially solved. Lake Como currently
shows conditions between mesotrophy and eutrophy (Salmaso
et al.,, 2006) with particularly high phosphorus concentrations in
the Como branch, which can be considered a “closed” basin since
it has no outlets. Lake Iseo is still undergoing a progressive deteri-
oration in water quality, mainly due to eutrophication (Garibaldi
et al., 2003).

2.2. Sampling of mussels and histological analysis

Adult specimens of D. polymorpha (shell length >15 mm) were
collected between March 2005 and April 2006 from Lake Iseo
(Fig. 1). At each sampling, 100 mussels were collected at a depth
of about 2-3 m and a sub-sample of 50 organisms was fixed in
Bouin’s fluid. Once in the laboratory, the visceral sacks of about
30 randomly selected mussels were isolated and processed for his-
tological analysis according to standard procedures. A total of 293
mussels were histologically examined. The visceral sacks were cut
in 7 um transverse sections at the proximal, central and distal lev-
els and about 10 serial sections from each portion were placed on
microscope slides and stained with haematoxylin-eosin. Slides
were observed with a Leica DMRA2 light microscope and images
were taken with a Leica DC300F digital camera. All mussels were
observed and analyzed microscopically for the presence of diseases
mainly in the gonads. Severity levels of ovarian pathologies were
determined by screening each slide and allocating a score of 0 to
3, according to Mantecca et al. (2008). The score depended mainly
on the cytological state of the germinative epithelium, with the
lowest value representing the normal condition and the highest
indicating the most altered state. An Ovarian Degeneration Index
(ODI) was calculated as the mean of the cytological score of all
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Fig. 1. Study area (black arrow: Adda river valley; white arrow: Oglio river valley).
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specimens for each sampling date to determine the general condi-
tions of the organ.

2.3. Sampling of mussels and fish and chemical analysis

A sub-sample of about 50 specimens of D. polymorpha collected
from March to November 2005 in Lake Iseo (Fig. 1) was used for
the analytical characterization. Other samples from Lake Iseo were
collected in May 2006 and September 2007; samples from Lake
Como were collected in March 2005, in September 2006 and in
September 2007. Adult specimens (1-2 years) of A. fallax lacustris
were collected using fyke nets in May 2005 and 2006 from the
Como branch, and in May 2007 from Lake Iseo and both of the Lake
Como branches.

All the samples were stored frozen at —20 °C in the laboratory
and then freeze-dried (Freeze dryer Mod. 24, Edwards, USA).

A pool of 25-58 freeze-dried molluscs equal to 0.2 and 0.7 g
d.w. and a sub-sample (1 g) of a pool of freeze-dried fish muscle
of 5-6 specimens of both sexes from each sampling site were
homogenized and extracted with an acetone-hexane (pesticide
grade, Carlo Erba, Italy) 1:1 (v/v) mixture in glass microfibre
thimbles (19-mm internal diameter x 90-mm external length,
Whatman, England) using a modified Soxhlet apparatus (Velp Sci-
entifica - ECO 6 thermoreactor). The gravimetric determination of
lipids was performed after solvent evaporation. Lipids were sus-
pended in 2 mL of n-hexane and destroyed with H,SO, (98%, Carlo
Erba, Italy). Chlorinated compounds were then recovered by sev-
eral n-hexane washings. Hexane extracts were concentrated to
about 2 mL and cleaned-up on a Florisil column (4 x 0.7 cm). The
purified extracts (1 pL) of each sample were introduced by on-col-
umn injection into a gas chromatograph (Carlo Erba TOP 8000)
equipped with a capillary column (WCOT fused silica CP-Sil 8CB,
Varian USA, 50 m x 0.25 mm, film thickness 0.25 pm). A Carlo Erba
ECD 80 (ThermoQuest Italia) was used as an electron capture
detector heated at 320 °C.

A reference standard mixture of pp’ and op’ DDT, DDD and DDE
was prepared by dissolving 10 mg of pure compounds (Pestanal,
Sigma-Aldrich, Germany) in iso-octane and diluting the solution
to a final concentration of 10 ugL~'. Aroclor 1260 (Alltech, IL,
USA) was used as a reference standard for polychlorinated biphe-
nyl (PCB) quantification.

Good laboratory practices were tested on the standard refer-
ence materials BCR-598 and BCR-349 (Community Bureau of Refer-
ence-BCR Brussels) for DDT and PCB residues, respectively, with
tests analysing samples in triplicate. The percentages of recovery
of pp'DDE was 107.5 (+4%), of pp’'DDD 106.2 (+4%), of pp’'DDT
106.2 (£3%) and of PCB within the range 91.3 (+1.1%) and 102.2
(+1.6%). The detection limit for single DDT and PCB homologues
was 0.005 mg kg~ ! lipids.

3. Results and discussion

A sharp increase of DDT homologue concentrations was re-
corded for zebra mussels collected in 2005 compared to 1996
and 2003 (Riva et al., 2008) from both Lake Como and Lake Iseo
(Table 1), but not from Lake Maggiore (CIPAIS, 2007). The concen-
trations recently measured in mussels from Lake Como and Lake
Iseo were even higher than those measured in Lake Maggiore dur-
ing 1996 when a DDT production plant was discharging its wastes
into the lake (Riva et al., 2008). The increase in DDT concentrations
cannot be explained by the complete overturn occurring in 2005 in
Lake Como (GLLC, 2006) and Lake Iseo (Salmaso et al., 2007) be-
cause the same event occurred in 2006 in Lake Maggiore and did
not cause any concentration peaks (Table 1). Therefore, it is reason-
able to think that the causes of the increase in concentrations

Table 1
POPs compounds (mgkg~! lipids) in Dreissena polymorpha. In brackets standard
deviation of five analysed samples is reported

>DDTs PCBs
Lake Iseo Lake Como Lake Maggiore Lake Iseo Lake Como
1996 0.10° 0.11° 1.1-3.0" 1.07" 0.32°
2003 0.15 0.20° 0.7-1.4" 1.81° 1.20°
2005 28.86 (15.07) 28.30 1.1-1.9" 1.16 (0.55) 1.05
2006 6.61 - 0.7-1.0"" 0.81 -
2007 11.18 6.11 - 0.70 0.42

Literature data:
" Riva et al. (2008);
" CIPAIS (2007).

observed in Como and Iseo lakes in 2005 must be due to factors
other than the overturn of the lakes.

As a matter of fact, the other substantial difference between the
lakes is that Como and Iseo lakes are mainly fed by glaciers,
whereas meltwater input from glaciers is quite irrelevant for Lake
Maggiore. This is why we focused our attention on glaciers as a
possible secondary pollution source for these lakes.

As DDT formulations were used in large amounts for fruit-tree
pest control in Valtellina (Adda River Valley) and Val Camonica
(Oglio River Valley) (Fig. 1) from the 1950s to the end of the
1970s (ISTAT, 1963-1980) before their ban in 1978 (D.M. 11-10-
1978), it is very likely that DDT and its metabolites were trapped
in glaciers during this period of agricultural use and then released
in recent years as a consequence of the glacier retreat. In fact, the
Disgrazia, Bernina, and Ortles-Cevedale glaciers in the basin of Lake
Como and the Adamello group of glaciers in the basin of Lake Iseo
(Fig. 1) increased their volume between 1965 and 1980, corre-
sponding to the period of use of DDT applications for pest control,
and then started to retreat until reaching a volume in 2005 that
was lower than that measured in 1965 (Rovelli, 2008).

The pollutants released by melting ice might be retained by the
complex system of natural and artificial high-altitude basins, but an
abrupt input of pollutants could have occurred after the summer of
2003 when a prolonged period of high temperatures caused the
melting of a big layer of ice (in the Lombard Alps 3-4m at
2800 m a.s.l.; Smiraglia and Diolaiuti, 2008), and large volumes of
water were released from Alpine basins into the lakes with the ef-
fect of counterbalancing the drought caused by the scarcity of rain.

We therefore think that the peak levels of pp’DDT and its
metabolites in the biota of the two main glacier-fed southern Al-
pine lakes is due to climatic conditions that caused the release of
pollutants previously trapped in the ice.

The pollutant input occurred as a consequence of the recent
abrupt ice melting and even caused a change in metabolite levels
(Fig. 2): pp’'DDE prevailed in tissues of D. polymorpha in 1996,
whereas the main compound in 2005 was pp’DDD. The parent
compound gradually decreased from 1996 to 2007, when pp’'DDE
again became the main component. The occurrence of pp’'DDD is
usually attributed to the degradation of the parent compound in
anoxic conditions (Aislabie et al., 1997), which should have oc-
curred in the permafrost and/or littoral lake sediments. This
metabolite was never found above the detection limit in the glacial
stream feb by the glacier meltwater (Villa et al., 2006). These sec-
ondary pollution sources should also be responsible for the
changes of DDT homologue distribution observed in 2005. The his-
topathological evaluation of ovaries identified many mussels with
oocyte degeneration throughout the 2005-2006 period (Fig. 3). As
these specimens were about 2-3 years old, they could have been
exposed to the peak of DDT homologue concentrations probably
occurred in the summer of 2003. Despite the constant presence
of high numbers of mussels with degenerating oocytes during



1030 R. Bettinetti et al./ Chemosphere 73 (2008) 1027-1031

1996 2005 2007

Lake Como @ @
Lake Iseo @ @

|:| pp’DDE . pp’DDD

Fig. 2. DDTs distribution (%) in Dreissena polymorpha tissues in Lake Como and Lake
Iseo (Literature data: ‘Binelli and Provini, 2003).

pp’DDT

the entire 2005-2006 period, the most affected fields were ob-
served in the late-winter/early-spring months. This is in good
agreement with previous studies that identified the developing
ovary as the main affected developmental stage (Mantecca et al.,
2003; Binelli et al.,, 2004). The largest ODI differences between
2001/2002 and 2005/2006 were found in April when the ODI mea-
sured in 2006 was 14 times higher than that of 2002. We need to
emphasize the high level of contamination by DDTs in zebra mus-
sels living in Lake Iseo during 2005, which was around 700 times
higher than that measured in 1996 (Riva et al., 2008) in a fairly
unpolluted area of Lake Garda (Fig. 1) and up to 15 times higher
than those that caused serious effects on oocytes in mussels from
Lake Maggiore (Binelli et al., 2001; Mantecca et al., 2003). The
endocrine-disrupting properties of DDTs (Keith, 1997; Turusov
et al.,, 2002) would suggest that these compounds are the main
cause of the pathologies observed, but it is difficult to discriminate
between isomers and metabolites, whose percentages changes
from year to year and whose effects might be different. It is well-
known that pp'DDE is an antiadrogenic compound while op’DDT
was found to determine pseudo-estrogenic effects on several
organisms (Kelce et al., 1995).

Organochlorine compound concentrations were also measured
in the muscle of a commercial fish (Table 2). Landlocked shad (Alo-
sa fallax lacustris) collected from Lake Como during 2005, when

Table 2
POPs compounds in Alosa fallax lacustris (mg kg~ lipids) in Lake Como and for the
year 2007 also in Lake Iseo

Basin/lake Lipids (%) pp'DDE pp’'DDD pp'DDT XDDTs PCBs
1985° Comobranch - - - - 1.97 2.33
2005 Comobranch  2.17 443 0.72 0.12 5.27 1.65
2006 Como branch ~ 8.43 0.51 0.26 0.24 1.01 1.05
2007 Como branch  11.49 0.58 0.13 0.13 0.84 1.24
Lecco branch  12.97 0.44 0.08 0.09 0.61 0.56
Lake Iseo 12.54 0.43 0.07 0.07 0.57 2.00

Literature data:
" Cantoni et al. (1985);
" Volta et al. (2006) for DDTs.

DDT residue concentrations peaked in zebra mussel tissues,
showed DDT levels of 0.12mgkg~' (w.w.) and by far exceeded
the Italian limit for human consumption (0.05 mg kg~! w.w. for
fish with a lipid content lower than 10%; O.M. 18-7-1990). How-
ever, DDT compound concentrations in fish were lower than con-
centrations in mussels, which occupy a lower trophic level
because they are filter-feeding organisms (Tables 1 and 2). The
phytoplankton biomass, which is very abundant in these two
mesotrophic/eutrophic lakes in late summer (Buzzi, 2002; Gari-
baldi et al., 2003) when most of the meltwater enters the lakes,
should have adsorbed most of the DDT homologues dissolved in
the photic layer of the pelagic environment, where A. fallax lacustris
lives, transporting them into the deep sediments (Larsson et al.,
1992). As the hypolimnium is separated from the rest of the water
column due to thermal stratification, the pollutants could not be
recycled. This non-equilibrium condition for POPs has already been
observed in eutrophic environments (Dachs et al.,, 2000). Con-
versely, particles settled in the littoral area, where zebra mussels
live, could be re-suspended by coastal streams, allowing a longer
period of time for mussels to bioaccumulate pollutants from both
coastal water and re-suspended particles.

PCB concentrations in zebra mussel tissues did not show a dra-
matic increase similar to that of DDT in 2005. After a moderate rise
in 2003 and 2005, PCB concentrations decreased again to levels
comparable to those measured in 1996 (Table 1). Moreover, PCB
concentrations were higher in fish (Table 2) compared to mussels
(Table 1), as expected for compounds whose concentration is
rather homogeneous in littoral and pelagic environments. These
findings indicate that input of PCB due to glacier melting was lower
than that of DDT homologues. Actually, PCBs were used in Italy
only in closed systems and, as in other parts of the world, they en-

Fig. 3. Control (A) and degenerating (B) oocytes of Dreissena polymorpha collected in Lake Iseo in 2001 and 2006, respectively.
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tered the environment accidentally or as a consequence of release
from polluted soils and landfills, or from waste discharged by treat-
ment plants (Desai et al., 2007). Since tourism and agriculture are
the prevailing activities in the Alpine and sub-alpine area, it is very
likely that local sources of PCB pollution were not as significant as
those of DDT, which was used for fruit-tree pest control in an area
very close to the glaciers’ zone.

4. Conclusions

In the light of the results of this study, there should be concern
for aquatic life and human health in Italy and many other regions
of the world in which high-altitude glaciers are present near areas
where pesticides were used in large amounts during previous dec-
ades. Moreover, since high-mountain glacial lakes and artificial ba-
sins might work as sinks for pollutants released as a consequence
of glacier melting, these environments should be considered po-
tential secondary pollution sources for POPs. Most of the pollutants
are probably still stored in the sediments of high-altitude natural
and artificial basins and can reach other water bodies as a result
of floods caused by heavy rains or maintenance operations on arti-
ficial basins used to produce hydroelectric power.

Further studies are therefore needed to assess the consequences
of the glaciers’ retreats in regard to the release of several classes of
micropollutants trapped in the ice, which in the case of Lake Como
and Lake Iseo are a concern due to their potential impact on aqua-
tic life and human health.

Acknowledgements

The authors thank Prof. Derek Muir and Prof. Ing. Marino Gatto
for their kind help in reviewing the manuscript and for valuable
suggestions. Thanks are also due to Dr. Carlo Romano (Como Prov-
ince, Fishery Office) for providing fish specimens.

References

Aislabie, J.M., Richards, N.K., Boul, H.L., 1997. Microbial degradation of DDT and its
residues - a review. New Zealand ]. Agric. Res. 40, 269-282.

Binelli, A., Bacchetta, R., Mantecca, P., Ricciardi, F., Provini, A., Vailati, G., 2004. DDT
in zebra mussel from Lake Maggiore (N. Italy): level of contamination and
endocrine disruptions. Aquat. Toxicol 69, 175-188.

Binelli, A., Bacchetta, R., Vailati, G., Galassi, S., Provini, A., 2001. DDT contamination
in Lake Maggiore (N. Italy) and effects on zebra mussel spawning. Chemosphere
45, 409-415.

Binelli, A., Provini, A., 2003. The PCB pollution of Lake Iseo (N. Italy) and the role of
biomagnification in the pelagic food web. Chemosphere 53, 143-151.

Blais, JM., Schindler, D.W., Muir, D.C.G., Kimpe, L.E., Donald, D.B., Rosenberg, B.,
1998. Accumulation of persistent organochlorine compounds in mountains of
western Canada. Nature 395, 585-588.

Blais, J.M., Schindler, D.W., Muir, D.C.G., Sharp, M., Donald, D., Lanfreniere, M.,
Braekevelt, E., Strachan, M.J., 2001. Melting glaciers: a major source of
persistent organochlorines to subalpine Bow Lake in Banff National Park,
Canada. Ambio 30, 410-415.

Buzzi, F., 2002. Phytoplankton assemblages in two sub-basins of Lake Como. J.
Limnol. 61 (1), 117-128.

Campbell, L.M., Schindler, D.W., Muir, D.C.G., Donald, D.B., Kidd, K.A., 2000.
Organochlorine transfer in the food web of subalpine Bow Lake, Banff
National Park. Can. J. Fish. Aquat. Sci. 57, 1258-1269.

Cantoni, C., Cattaneo, P., Fabbris, F., Prina, G., 1985. Pesticidi organoclorati e PCB’s
nei pesci d’acqua dolce. Industrie alimentari 10, 808-810.

CIPAIS, 2006. Commissione internazionale per la protezione delle acque Italo-
Svizzere (CIPAIS), Ricerche sull’evoluzione del Lago Maggiore, Aspetti
limnologici, Programma quinquennale, 2003-2007, p. 84.

CIPAIS, 2007. Commissione internazionale per la protezione delle acque Italo-
Svizzere (CIPAIS), Monitoraggio della presenza di DDT e di altri contaminanti
nell’ecosistema Lago Maggiore, Rapporto Finale 2001-2007, p. 108.

Dachs, ]., Eisenreich, S.J., Hoff, R.M., 2000. Influence of eutrophication on air-water
exchange, vertical fluxes, and phytoplankton concentrations of persistent
organic pollutants. Environ. Sci. Technol. 34, 1095-1102.

Desai, D.L., Anthony, E.J., Wang, 1., 2007. A pilot-plant study for destruction of PCBs
in contaminated soils using fluidized bed combustion technology. J. Environ.
Manage. 84, 299-304.

Galassi, S., Provini, A., 1981. Chlorinated pesticides and PCBs contents of the two
main tributaries into the Adriatic Sea. Sci. Total Environ. 17, 51-57.

Galassi, S., Valsecchi, S., Tartari, G.A., 1997. The distribution of PCBs and chlorinated
pesticides in two connected Himalayan lakes. Water Air Soil Pollut. 99, 717-
725.

Galassi, S., Volta, P., Guzzella, L., 2006. Cycling pp'DDT and pp'DDE at a watershed
scale: the case of Lake Maggiore (Italy). J. Limnol. 65 (2), 100-106.

Garibaldi, L., Anzani, A., Marieni, A., Leoni, B., Mosello, R., 2003. Studies on the
phytoplankton of the deep subalpine Lake Iseo. ]. Limnol. 62 (2),
177-189.

GLLC, 2006. Gruppo di Lavoro Lago di Como. Progetto PLINIUS. Criticita e azioni per
il recupero della qualita delle acque del Lario, Centro Volta Como (p. 216).
IPCC, 2007. Intergovernmental panel on climate change, climate change impacts,
adaptation and vulnerability. In: Parry, M.L., Canziani, O.F., Palutikof, J.P., van
der Linden, P.J., Hanson, C.E. (Eds.), Contribution of Working Group II to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change.

Cambridge University Press, Cambridge, UK, p. 976.

ISTAT, 1963-1980. Istituto Nazionale di Statistica (ISTAT), vols. 11-28, Annuario di
Statistica Agraria.

Jankowski, T., Livingstone, D.M., Biihrer, H., Forster, R., Niederhauser, P., 2006.
Consequences of the 2003 European heat wave for lake temperature profiles,
thermal stability, and hypolimnetic oxygen depletion: implications for a
warmer world. Limnol. Oceanogr. 51, 815-819.

Kallenborn, R., 2006. Persistent organic pollutants (POPs) as environmental risk
factors in remote high-altitude ecosystems. Ecotox. Environ. Safe 63, 100-107.

Keith, L.H., 1997. Environmental Endocrine Disruptors — A Handbook of Property
Data. John Wiley, New York.

Kelce, W.R,, Stone, C.R., Laws, S.C., Gray Jr., L.E., Kemppainen, ].A., Wilson, E.M., 1995.
Persistent DDT metabolite pp’'DDE is a potent androgen receptor antagonist.
Nature 375, 581-585.

Larsson, P., Collvin, L., Okla, L., Meyer, G., 1992. Lake productivity and water
chemistry as governors of the uptake of persistent pollutants in fish. Environ.
Sci. Technol. 26, 346-352.

Lei, Y.D., Wania, F., 2004. Is rain or snow a more efficient scavenger of organic
chemicals? Atmos. Environ. 38, 3557-3571.

Mantecca, P., Bacchetta, R., Vailati, G., 2008. Field application of histopathological
biomarkers in Dreissena polymorpha. In: Van der Velde, G., Rajagopal, S., Bij de
Vaate, A. (Eds.), Zebra mussel in Europe. Backhuys Publishers, Leiden, The
Netherlands, in press.

Mantecca, P., Vailati, G., Bacchetta, R., 2003. Histological studies on the zebra mussel
Dreissena polymorpha reproduction from a DDT contaminated area in Lake
Maggiore (N. Italy). Arch. Hydrobiol. 158 (2), 233-248.

Meyer, T., Wania, F., 2008. Organic contaminant amplification during snowmelt.
Water Res. 42, 1847-1865.

Ranzi, R, Taschner, S., 2005. Energy and hydrological balance of the Adamello
Glacier as an indication of current climate change. Geophys. Res. Abstr. 7,
05090.

Riva, C., Binelli, A., Provini, A., 2008. Evaluation of several priority pollutants in
zebra mussels (Dreissena polymorpha) in the largest Italian subalpine lakes.
Environ. Pollut. 151, 652-662.

Rovelli, E., 2008. Variations of the Italian Glaciers from the Little Ice Age to the
present. In: Bonardi, L. (Ed.), Mountain Glaciers and Climate Changes in the Last
Century, Terra Glacialis 10 (special issue). Servizio Glaciologico Lombardo,
Milano, pp. 89-103.

Salmaso, N., Morabito, G., Buzzi, F., Garibaldi, L., Simona, M., Mosello, R., 2006.
Phytoplankton as an indicator of the water quality of the deep lakes south of the
Alps. Hydrobiologia 563, 167-187.

Salmaso, N., Morabito, G., Garibaldi, L., Mosello, R., 2007. Trophic development of
the deep lakes south of the Alps: a comparative analysis. Fund. Appl. Limnol.
170 (3), 177-196.

Smiraglia, G, Diolaiuti, G., 2008. Ghiacciai verso I'estinzione? http://
www.ecplanet.com/cabake/ecologia-6/ambiente-48/9/9455/it/ecplanet.rxdf.
Turusov, V., Rakitsky, V., Tomatis, L., 2002. Dichlorodiphenyltrichloroethane (DDT):

ubiquity, persistence, and risk. Environ. Health Persp. 110, 125-128.

Villa, S., Negrelli, C., Finizio, A., Flora, O., Vighi, M., 2006. Organochlorine compounds
in ice melt water from Italian Alpine rivers. Ecotox. Environ. Safe 63, 84-90.

Volta, P., Galassi, S., Giussani, G., Burkard, W., 2006. Effetti del pp’DDE su una specie
ittica autoctona del Lago Maggiore: I'agone (Alosa fallax lacustris). XVI
Congresso della Societa Italiana di Ecologia, Viterbo-Civitavecchia 19-22
September, 120.

Wania, F., Mackay, D., 1993. Global fractionation and cold condensation of low
volatility of organochlorine compounds in polar regions. Ambio 22, 10-18.


http://www.ecplanet.com/cabake/ecologia-6/ambiente-48/9/9455/it/ecplanet.rxdf
http://www.ecplanet.com/cabake/ecologia-6/ambiente-48/9/9455/it/ecplanet.rxdf

	Is meltwater from Alpine glaciers a secondary DDT source for lakes?
	Introduction
	Materials and methods
	Study area
	Sampling of mussels and histological analysis
	Sampling of mussels and fish and chemical analysis

	Results and discussion
	Conclusions
	Acknowledgements
	References


